The balloon flower (Platycodon grandiflorum) has a traditional historical importance in China for over 2,000 years. Recently, the historical importances were proved in modern medicine with the scientific evidences. Platycodi Radix, the root of balloon flower, is also used as a vegetable [1] [2] [3] . P. grandiflorum is widely used as a traditional oriental medicine to treat coughs, colds, upper respiratory tract infections, sore throats, tonsillitis, and chest congestion 4, 5 .
Platycodi Radix is known for the existence of high contents of saponins and triterpenoids. The indentified saponins are widely used for the treatment of inflammatory diseases, anti-allergic activities, cancer, immune modulatory responses and apoptosis [6] [7] [8] [9] . Recently, it has been used for the treatment of diabetes, hypertension, hyperlipidemia, and obesity 10, 11 . Saponins and triterpenoids are aboundant in the root part of plant whereas the other parts have comparatively less 12 . To date, more than 30 triterpenoid saponins have been isolated from this plant 13 . Most of the research on balloon flower has been conducted to assess its medicinal value, and particularly to examine different types of saponins under varying growth conditions. To date, there have been no published reports on the seasonal variation of saponin content in this species. The objective of this study was to determine the optimum time of harvest to obtain maximum saponin content in Platycodi Radix.
MATERIALS AND METHODS

Plant Material
Balloon flower (P. grandiflorum) seeds were germinated in a greenhouse, and the seedlings were cultivated in an experimental farm at the Agricultural College of Yanbian University (Longjing, China) on May 1, 2007 and allowed to grow until October 2008. After 10 months, roots of the balloon flower plants were harvested monthly (March 1 to October 1, 2008). The roots were collected and cleaned for the removal of the mud and other soil particles. After that the samples were packed in the sterile storage cover and kept in at -80°C until further analysis. The stored samples were frozen dried for at least 48 h. Initially, the samples were kept at -4°C for 3 h, further at -80°C. After that that, the dried samples were ground for a fine powder. Quantification of the chemical components were done using HPLC.
Total saponin extraction and HPLC analysis
For extraction of saponins, 50 mg of the powdered samples were mixed with 10 ml of 100% MeOH for 30 min in a sonicator. After that, approximately, 4 ml of the supernatant was concentrated, and the collected crude extract was re-suspended with 200 µl of MeOH. The collected extract was quantified using HPLC system (model NS-4000; Futecs Co., Daejeon, Korea). Four standard platycosides (deapio-platycoside E, platycoside E, platyconic acid, platycodin D3) were analyzed by HPLC with an evaporation light scattering detector (ELSD). The samples were separated on a Chemcopak column (4.6 × 150 mm, 3 ìm, 100, Chemco, Japan) with a flow rate of 0.7 ml min -1 . Platycosides were separated by linear gradient between solution A (50 mM ammonium acetate: acetonitrile: methanol, 75:20:5) and solution B (50 mM ammonium acetate: acetonitrile: methanol, 69:26:5). The gradient followed was: 100% A, 1-15 min; 48% B, 15-28 min; 50% B, 28-33 min; 50% B, 33-60 min; 60% B, 60-73 min; 100% B, 73-88 min. Saponins were identified and quantified by comparing the retention times and peak areas with standards or by direct addition of standards into the sample (spike tests). Sample aliquots were filtered through a 0.45-ìm polytetrafluoroethylene filter prior to injection. All samples were run in triplicate.
RESULTS AND DISCUSSION
The content of the 4 saponins (deapioplatycoside E, platycoside E, platyconic acid, platycodin D3) in Platycodi Radix varied significantly with growing time (Fig. 1) , as described below.
Deapio-platycoside E
Deapio-platycoside E content varied significantly among growing seasons, and increased with increasing time of growing. The highest concentration of deapio-platycoside E was found in August, after which it started to decline; the content in March and April were much lower than that in the other months. Deapio-platycoside E content was approximately 6 times higher in August compared to its content in March or April.
Platycoside E
Platycoside E content in the root of balloon flower ranged from 1.28 to 3.34 mg/g DW at different growing times. The highest platycoside E content was observed in August; the August concentration was 2.6 times higher than that in October.. The content of platycoside E was lower during months with colder temperatures (March, April, and October) compared to months with warmer average temperatures.
Platycodin D3
Platycodin D3 content increased with increasing growing time and reached its highest level in May, after which it began to decline. Platycodin D3 content in May was 2.8 times higher than that in March, when the lowest concentration was observed. There was greater variability in Platycodin D3 content during early growth stages than after longer periods of growth.
Platyconic acid
Platyconic acid content was much higher than that of the other 3 saponins, and there was considerable variability in platyconic acid content among the different sampling times (from 1.39 to 6.48 mg/g DW). The highest content of this saponin was observed in May, when it was 4.5 times higher than in September when the lowest concentrations occurred.
Platycodin is the common term for the platycodon saponins. Several, structurally minor varied components were names as platycodin A, B, C, D, etc., and further divided, such as platycodin 14 . To the best of our knowledge, information regarding the saponin content in Platycodi Radix at different stages of root growth has not been published yet. Here in this study we reported the variation of saponin content at different growing times. In Korea, the chemical analysis of platycodon active constituents was initiated in 1930's and further elaborated in Japan during 1970's. The reports claimed that the root contains a large group of oleanane-type (triterpene) saponins. In the Pharmacopoeia of China (1988) stated that the commonly marketing and cultivating Platycodi Radix verities should contain not less than 6% saponins. However, the present study, platycodon saponin content from several samples showed that the wild roots of platycodon contained 7.3-11.8% saponins; cultivated roots had 1.7-14% saponins 15 . Whereas the level of crude saponins in platycodon was said to be 2% in a medicinal grade material in Korea reported by Kim et al., 1995 etc 16 . In Korea, it is noted that the content of saponins varies with respect to the climatic condition than in China. Similarly, in a report from Japan claimed that the individual and total content were different with related to the cultivation conditions 17 . The content of 4 major saponins varied largely among different growing times indicates that climatic and edaphic factors are directly involved for saponin content. The variation of saponin content varied with reagions, environmental conditions were reported by several investigation [15] [16] [17] [18] . Those findings are directly coincided with our findings. In another study, Lobstein et al. reported that the content of flavonoids and other phenolic compounds varied among seasons in crude leaf extracts of Ginkgo biloba. Greater amounts of acylflavonol glycosides were found in buds, while flavonol glycosides were found in spring leaves and biflavones were observed in autumn leaves 19 . Similarly, Kang and Kang et al. found seasonal variation of flavonoid glycosides in Epimedium koreanum, and Yoo et al. found variability in the berberine content of Berberis koreana 20, 21 .
CONCLUSION
In conclusion, as part of our studies, we have described the variability of different saponin contents in the root of balloon flower, according to season and different lengths of the growing period. The information presented here provides a useful reference for determining appropriate harvest times of Platycodi Radix to maximize saponin extraction.
